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FEAG Counstruction

FY2002 \KART (ADS) Project started
FYZ2005 |Counstruction of Accelerator complex started

First ADS Experiment
(T00MeV - 2pA@Neutron Production target)

FYZ011 |lnjector to the MR was changed to Linac

FY2009

Energy upgraded 100 MoV fo 150 MV

FYZ0T2 1B vame current upgraded fo 10 wh with 20 He Rep.

: R e
Fr o e - ;

i
FYZ015 RFQ Trouble ( Beam Stop) Gt e g |

FY201%F |Re-Start Beam Commissioning | B8
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KURRI-FFAG ComP{ex

150 MEV FFAG MAIN RING

H- TONSOURCE TTMEV LINAC

H- H+
150 MoV

lrradiation-BT

lnjector : 11 MeV H- Linac
TuhA ave., ~ 200 Hz Repetition
- MR : 150 MoV FFAG
10 nd, ~ 60 Hz Repetition

G




hi KURIYAMA, KUR

Hm‘ory of KURRI-FFAG Comz‘ro{S

- PLC with LabVIEW (2006-)
- LabVIEW was running on Windows (aptop

*NIMA “Control system for the FFAG complex at KURRI” M. Tanigaki, <t al.

- PLC with {LabVIEW or erics} & GPIB (2009-)
- [utroduction of EPICS had started

- PLC with {EPICS or Labview} & GPIB (201¢-)
- LabVIEW 15 used for luterlock System &

Linac Control

5
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KUQQI FFAG Com/‘ro(S

- EPICS as basic environment

+ Seripting language for operation tools

- Shell script (bash), Python
- GPIB 15 still used for
+ Power Supply of MR D magunet
+ Stepping motor controller for Robot
- Arbitrary waveform generator for LLRF

6
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PCs & Netfwork

Operator PC (CentOSL,7F)

Netfwork Sever

—X File Sever
" (Mac OS 10.9)

—a  NFS,
o

HDD

(CentOSL)
DHCP.
NS

Proxy - -

11

CAS CEPICS 1OC PLC LabVIEW
(Raspbian) (CentOS6L F) (Yokogawa FA-M3) (WindowsF)

+

Control Network (GbEthernet)
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PLC System

CPU || [Ethernet Optrdal

Optical [/O [/O

- o o = . - = -

Optical Bus

Cowfro{ Room Accderafor & Power supply Qoom
PC PC el I
\ ‘ / E E ! ;{;v;.-:
GbEthernet ) S {de E
/ \ E : :_B_{O_Ck_ ;
Master Master | ! : Optical Bus
PLC PLC T
Block PLC N\asz‘er B{OCk Block : : P(.C S{ave Bfock



FFAG 13 / Coruell University Yasutoshi KURIYAMA, KURRI, Sep. 2017

EPICS based Control

- EPICS Base K3, 14
- Released at 20072
- Development of OPls using

EDM/MEDM

- nefDev
- EPICS Module
+ Commumicate with PLC

- Developed by Odagiri =
(kek)

'i."" =




Screenshof of OPl @ 5th Sept. 20774

Hz GAS FLOV/ COHTROL ACCELERATE HY CONTROL EXTRACT HV CONTROL
Contmlkr3W  Anw et Oulgest Rate of Qg PREW  Vnitage 8ot Output Rate of Osange PAAW  Viagednt  Oufput Rate of Change

15.00 = [ o REEXTICE Kl (ze0 T II | ] | 1 i) i larad I) lorag] I} m
Vulbge Moniter  Currenl Momtor L 1| | — = f—l P
o Tmm - fom - - 250402
o [=3 1

ARC CONTROL BEAM SIUTTER CONTROL P mr— 3 1.0c-13
PR AW Qmmnt Jet Outprt Rate nf Owinge:

N5 ouT ater Fuil 1.1e-13
RBaam Operation Treny

| on ETTIRNET] ¥ m - W Monitor Water I sil

o oul
Curent Munitor  Vultage Wi
[T (ke oge Wonitor HIERLOCK SIAILS M Solenold Water Fall HIBRaam Opesation sty amaHost:alvewHISFICurMonl ||
234, |2048 I HV Int Lock Fall ¢ i)

FILARMENT CONTROL SOLENOIDKI COHTROL SOLENOID#Z COMIROL Save Epics Parameter Open Parsmeler Directory

PREW  \itaga Rt Outpt Raof Guanga | PRRW  Cuvmnt 3at Output Rata of Changa PRAW  CumwitSAal  Outpit Rats f Changs

X i . 7000 Swpdlaec LA A
[ on | : | on RRTEXRAET | on RIEXIVRES v Chk Epics Parameter

Vullugs Hunitor Qarmnt Mustor Reastaress Moo

526 v [57.79 A [91  anom bz Parameter Check Progra

NIS

. GOER cee
MPos 15200 THIGG BT
=

Tek 2 ‘ Trig'd

unter
FurfysnaHeaGealc iz

3.3, 3.7) VAL=D.40167

wunter

KurtyamaHostcalc HISE)

10000CCC

adeeDd  Pa

aoYewl

RO il

’ 9 . 7] 1
HHBTVacy 1.49 - m e e :
ParamLog_2815_18_29_122938.txt Top L24  [Text) o — 5-Sep~17 1736 19.9928Hz

Applications > Places ~ CS/edm!BMBT/BMBT-STO Tue 5 Sep, 17:38:40

IN (10bit) 1
X40301 - X40810 0:
LT e [ MY T R Y Y g

Decimal 233.00

Monitor Val.  2.51 HMBT Quad Magnet Controller
R

OUT (14bit) 1:4 i
40333 - Y 40346 0ie Setiing Monitor  Rated Value
ol [ [ @ o o [ G 2 & L & @& I QM1 1056 105.3 1000

53.8 100

Imnt/bordel 3/EP) dm/BMBT/BM - @ x

1000
SMET-STMOS | e o o ‘ 1000 HMBT Bending Magnet Controller
IN (10bit) Q95 -
X40401 - X40410 0:-
R I B R i O T ) L i 65 Seftng  Moritor Rated Value
Decimal 929,00 - STIV  -0¢ -0.0 +5 - "
Monitor Val. 9.99 - ST1H E 15 +5 156.0 -
QUT (14bit) RY.+-10[4] ol 1580
V40433 - Y40446 t‘. © ST2 25 +7
NN R N aN N o N o N N ST3 22 7 el
16383.0C
Decimal 16383 ST4  [0i% ol BM3 W20 200
Seting Val. ﬁl " =
] ] e
savel resn
O we.. @ mo.. [[Dim
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Data Storage

Reliably we have to keep
* Control Program

- EPICS database, edm, medm, strip tool -+
- LabVIEW VI

- Parameter & Vacuum Log
- LLRF Pattern for MK
- Beam diagnosis data
- Beam Profile Pics, Bunch monitor CSVs,

Neutron mounitor Meas. data,
- All data (s saved on File Sever Bordel2”
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File Sever Bora(e(Z

- Requirements for the file server

704.56 GB free out of 1.12 TB

* Small storage size 15 enough

-1 TB or so (at this potut)
* Fast Access
- More than 20 Clients

+ Easy Data Recovering from

machine frouble

Mac mini

+ Mac mint with “SSD+HDD”
* For the data protection
- Time Machine 15 the best!!

12
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EPICS 1OC PC s Storage

+ [mportant data 15 not stored in local storage

E P , CS —-IW-TW-I——
drwxrwxr—x

Ilrwxrwxrwx

drwxrwxr—x

Q { IL drwxrwxr—x
~Gz Cz ~Gz Irwxrwxrwx
drwXrwxr—x

o drwxrwxr-x
Irwxrwxrwx

l -QS drwxrwxr-x
drwXxrwxr—x

drwxrwxr—x

lrwxrwxrwx
drwxrwxr—x

]-cel-11n01
a/EpicsADE

cel-1in01

WPRPWPAPWRPRONPEPEDNWEOPRE

502
502
502
502
502
502
502
502
502
502
502
502
502
502

games
games
games
games
games
games
games
games
games
games
games
games
games
games

kuriyama@ffag-cel-1in@l ~ $ df -h

Filesystem Size Used Avail Use% Mounted on

/dev/mapper/vg_ffagcellin@l-1lv_root
506 4.1G  43G 9% /

tmpfs 918M @ 918M 0% /dev/shm
/dev/sdal 477M 71M 381IM 16% /boot

/dev/mapper/vg_ffagcellin@l-1v_home

176G 92M 167G 1% /home

192.168.0.252: /Users/ffag/AccCtrl

EpicsADE $ pwd

EpicsADE $ 1s -1lh

467
170

29
102
408

21
238
170

22
102
136
102

24
102

13

7H
7R
7R
7R
7H
7H
7H
7H
7H
7H
7H
7H
7R
7R

21
21
21
21
21
21
21
21
21
21
21
21
21
21

16:
16:
18:
16:
16:
18:
16:
16:
18:
16:
16:
16:
18:
18:

48
48
25
51
50
36
51
50
25
50
48
50
25
37

1.1T 382G 657G 37% /mnt/bordel3

Makefile
SampleApp
-> /mnt/bordel3/EPICS/StripTool/

configure

-> /mnt/bordel3/EPICS/db
db . ha K™ —m——————
dbd

-> /mnt/bordel3/EPICS/edm
include ™—mm——_——
iocBoot
1lib

-> /mnt/bordel3/EPICS/medm/

userHosf.suEs%ltutlohs
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Comfro( with GPIB

GPIB devices :
MR-D Power Supply (IDX) ?
Stepping Motor Controller (Tsuji-denshi PM&GC) T
Arbitrary waveform Generator (Tektronix AWG430)

Control System Cousists with
Linux (CentOS 5) PC
- NI GPIB-USB-HS
- Device driver "NI-488.2" developed (oy N

GTK based OPls were developed using Glade?

14
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Timing Control

. 350 ps

NEWAYS

50 us

Beam Chopper I

- 100 ps

Linac RF ;

) 30 ms X

MR RF 3 f
100 ps

Ext. Septuim ; ;
| 5 100 wns 5

Ext. Kicker x2 I §
’ 5 50 ms "
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Timing Control

60 Hz Master Trigger Synchromzed with commercial power (ine

| BNC (TTU)
Clock Division Circuit Created 20 Hz or T Hz from 60 Hz
BNC (TTL)
NF NF NF NF NF
| BNC (TTU) | | |

NIS Beam = Linac RF MR LLRF Trigger

Arc  Chopper  Trigger
EO Converter (\/N\E)
Optical Fiber

Extraction||Extraction||Extraction

KickerT || KickerZ || Septum

©-0 @0

NF : Signal Generator BN -
WF1924% N\asz‘er C{ock Gewarafor
& Clock division Circut

16
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Access Countrol to the Accelerator Room

ln 2016, Update to Raspberry P I I

From Windows + VBL based system
Used for Beam luterlock |

-Raspberry pi + PLC (with Ladder) Updated

QR code reader : usb-cam
Software : CBar + Python

All critical tnformation ts stored

m PLC.,

Developed by Yuya HORITA

12
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Beam [nterlock

Two luterlock System related with Beam [nteunsity are prepared

T50MEV-FFAG MAIN RING

H- IONSOURCE TTMEV LINAC

30kV TTMeV TO0OM<V
E—— | : Kuca
H- H* CABT
Charge Exchange Foil T50MeV Targe{'

lrradiation-BT

BT —5 —RWES

R _ - - (get_mdo3014_waveform.cpp) RET—5—REF = f\\e server
r¥axa=7 E‘}"“ : > BEF— 5 —RU L - ——— Wy g g 0B N
mposo14' I ;;i’,’ﬂa (1,J.]§\/7H%/' Lt >
B {RABWindows PC RET—Y ca-monitor2.sh O M M M l C a Q
. e Bt | (Read_GL220_CSV)

NOFES

= o | | v/ nterlock-PLC

(Rec I FER)
PLCAA ¥ & —0Ov V{58%(E
NV FES (CZ A= P27AY))

PLCAA ¥ & —Ov siESxfE | Comm-pled.sh

o I (ciCs 10C)

BEEY 7y TRINYFEZS— Interlock PLC
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Control System of MERIT

Newly, we have fo prepare confrol system below

BM STx?2

(vertical) ST

(Horizontal)

Profile Monitor x 2

(injection & extraction)

Radial Probe

Bunch Mounitor -

MQY{{- O Buwch Mowitor
Radial Probe
Radial Probe
RF Cavity

19
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Control System of MERIT

+ MERIT Control system should contfrol
8 Power Supplies
- BMxT & STx% maguets at BT
- F & D FFAG Maguet
Radial Probes for the lnjection, profile

monttor & scraper

Bunch mounitor

LLRF for the MERIT ring
Vacuum System

- TMPx2 & RPx2 & VVacuum Gauge

- All devices will be controlled with PLC & MERIT
EPICS (Ww(w cowsz‘mcf{om“')

20

Power Supply
for the MERIT lnjection BT

B e Livac Rl
H-

_H_

Charge Exchange
Foul
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Next Task

® [utegration of GPIB control program to EPICS
® Bridge program s already developed
® Preparation of parameter archiving system

® Now, Shell script 15 used for saving and loading

parameter value

% Archiver Appliance (CSS) is one of the candidate
® (nfegration of beam diagnosis with EPICS

® Beam Diagnosis Devices are operating independent(y

21
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Summary

- KURR! FFAG Complex ts now controlled using EPICS
- Migration from LabVIEW (s almost Finished

- GPIB Coutrol system still rematus
- lntegration with EPICS s tn progress

- Merit Control System (s under construction

- EPICS Avchiving System & lutegration of Beam
Diagnosts devices with EPICS s planning

2?2
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Thank you
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